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$EVWUDFW
,Q WKH ODVW IHZ\HDUV VRFLDOQHWZRUNVKDYH UHDFKHG LWVKLJKHVW OHYHORIFRPSOH[LW\DQGVFDOHEXW WKHUH LV VWLOO DJDS LQKRZ WR
UHSUHVHQW WKHVHQHWZRUNV WRDXVHU IRUH[SORUDWLRQDQGDQDO\VLV$VDUHVXOW LW LVRIWHQFKDOOHQJLQJIRUDXVHU WRXQGHUVWDQG WKH
UHODWLRQVKLSVLQWKHVRFLDOQHWZRUNVDQGPDNHDQLQIRUPHGGHFLVLRQRYHULW*UDSKVKDYHEHFRPHDVWDQGDUGIRUVRFLDOQHWZRUNV
YLVXDOL]DWLRQDQGDQDO\VLV+RZHYHULQWKLVSDSHUDIHZYLVXDOL]DWLRQVEDVHGRQDWUHHPDSRYHUODLGE\DJUDSKZLWKDGLIIHUHQW
QXPEHURIFXUYHVHGJHVDQGQRGHVZHUHGHVLJQHGDQGHYDOXDWHG$VDFDVHVWXG\D7ZLWWHUQHWZRUNZDVYLVXDOL]HGZKHUHWKH
WUHHPDS RYHUODLG ZLWK D JUDSK FRQYH\HG LQIRUPDWLRQ RQ SHRSOH LQ D QHWZRUN WKHLU UHODWLRQVKLSV DQG FRPPRQ LQWHUHVWV 7KH
SHUIRUPDQFHRIWKHWUHHPDSYLVXDOL]DWLRQVLQFOXGLQJWKHDFFXUDF\DQGWLPHRIDQVZHULQJTXHVWLRQVZDVHYDOXDWHGE\WZHQW\WKUHH
SDUWLFLSDQWVLQFRPSDULVRQWRDQRWKHUZHOONQRZQYLVXDOL]DWLRQEDVHGRQ(XOHUGLDJUDP)LQDOO\WKHUHVXOWVRIWKHSHUIRUPDQFH
HYDOXDWLRQOLPLWDWLRQVDQGXVHIXOQHVVRIWKHGHVLJQHGYLVXDOL]DWLRQVZHUHGLVFXVVHG
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YLVXDOL]HWKHLUGDWDXVLQJGLIIHUHQWYLVXDOL]DWLRQWRROVIRUH[DPSOHVXFKDV*RRJOH)XVLRQ7DEOHV,%00DQ\(\HV
6SRWILUH 9LVXDOL]LQJ VRFLDO QHWZRUNV LQYROYHV VXFK WDVNV DV WR FRQYH\ LQIRUPDWLRQ DERXW SHRSOH LQYROYHG LQ WKH
QHWZRUNDQGWKHLUUHODWLRQVKLSV
*UDSKVDUHDFRPPRQDQGSRZHUIXOWRROIRUVRFLDOQHWZRUNYLVXDOL]DWLRQ5HVHDUFKHUVKDYHLQYHVWLJDWHGDQGXVHG
JUDSKVDVDYLVXDOL]DWLRQWRROIRUORQJWLPH>@$VDUHVXOWVHYHUDOJUDSKEDVHGOD\RXWVIRUGLIIHUHQWVRFLDOQHWZRUNV
KDYH EHHQ SURSRVHG DQG GHYHORSHG > @ ,Q WKH VRFLDO QHWZRUN FRQWH[W HDFK QRGH RI D JUDSK FRUUHVSRQGV WR D
SHUVRQRIDVRFLDOQHWZRUNDQGHDFKHGJHFRUUHVSRQGVWRDSDUWLFXODUUHODWLRQVKLSEHWZHHQWZRSHUVRQVUHSUHVHQWHG
E\WKHQRGHV7KHPDLQDGYDQWDJHRIXVLQJJUDSKVIRUVRFLDOQHWZRUNYLVXDOL]DWLRQLVVFDODELOLW\VLPSOLFLW\DQGDQ
H[LVWHQFHRIZHOOGHYHORSHGIRUPDOJUDSKWKHRU\IRUDQDO\VLVRIVRFLDOQHWZRUNV
'HVSLWH WKH SRZHU RI JUDSKV IRU VRFLDO QHWZRUN YLVXDOL]DWLRQ RWKHU YLVXDOL]DWLRQ W\SHV VKRZHG XVHIXOQHVV IRU
VRFLDOQHWZRUNYLVXDOL]DWLRQIRUH[DPSOH9HQQRU(XOHUGLDJUDPVDQGWUHHPDSV>@8VLQJ9HQQGLDJUDPVIRU
JUDSKLFDO UHSUHVHQWDWLRQRI KLHUDUFKLFDO ILOH V\VWHPVZDVSURSRVHG LQ >@3ODFHPHQWRI QRGHVRQ WKHSODQH LQVLGH
9HQQ FXUYHV DOORZHG XVHUV WR XVH SUR[LPLW\ EHWZHHQ FDWHJRULHV DQG ILOHV WR UHSUHVHQW FORVHQHVV DQG VLPLODULW\
$QRWKHUYLVXDOL]DWLRQW\SHWUHHPDSDOORZVYLVXDOL]LQJKLHUDUFKLFDOGDWD6HYHUDOYLVXDOL]DWLRQVKDYHEHHQSURSRVHG
XVLQJWUHHPDSVIRUGLIIHUHQWFRQWH[WDQGDSSOLFDWLRQV)RULQVWDQFHLQ>@WKHDXWKRUVSURSRVHGXVLQJDWUHHPDSLQ
VRFLDO QHWZRUN VHWWLQJV ,Q WKLV YLVXDOL]DWLRQ D UHFWDQJOH FRUUHVSRQGHG WR D SDUWLFXODUPRQWK DQG WKH VL]H RI WKH
UHFWDQJOHZDVSURSRUWLRQDOWRWKHQXPEHURIHPDLOVVHQWE\WKHDFWRU
+RZHYHUXVLQJDJUDSK LQFRPELQDWLRQZLWKRWKHUYLVXDOL]DWLRQ WHFKQLTXHVFDQ OHDG WR LPSURYHPHQW LQXVHUV¶
SHUIRUPDQFHXVLQJWKHVHIXVHGYLVXDOL]DWLRQV,QGHHGVXFKYLVXDOL]DWLRQVDUHFDSDEOHWRYLVXDOL]HERWKVHWVDQGWKHLU
HOHPHQWV)RULQVWDQFHWH[WDQDO\VLVPD\LQYROYHYLVXDOL]LQJERWKWKHNH\ZRUGVDQGWKHGRFXPHQWVWKH\EHORQJWR
H[SORUDWLRQRISLFWXUHVPD\UHTXLUHYLVXDOL]LQJERWK LPDJHVDQG WKHLU WRSLFV$QRWKHUH[DPSOH LVDQDO\]LQJVRFLDO
QHWZRUNV ZKHUH LW LV LPSRUWDQW WR YLVXDOL]H SHRSOH¶V QDPHV DQG WKH FRPPXQLWLHV WKH\ DUH DIILOLDWHG ZLWK )RU
H[DPSOH LQ >@ WKH DXWKRUV SURSRVHG D FRPELQDWLRQ RI D JUDSK ZLWK ERXQGLQJ ER[HV LQ RUGHU WR LPSURYH WKH
XQGHUVWDQGLQJRI VRFLDOQHWZRUNV ,Q WKHLUYLVXDOL]DWLRQHDFK UHFWDQJOH UHSUHVHQWHGDQDFWRUZKHUH WKH VL]HRI WKH
UHFWDQJOHZDVSURSRUWLRQDOWRWKHQXPEHURIFRQQHFWLRQVRIWKHDFWRUWRRWKHUDFWRUV$YLVXDOL]DWLRQEDVHGRQ(XOHU
GLDJUDPVZDVSURSRVHGDQGWKHQHYDOXDWHGLQ>@,QWKHLUSDSHUWKHDXWKRUVXVHGDFRPELQDWLRQRI(XOHUGLDJUDPV
ZLWKJUDSKOLNHVWUXFWXUHVWRFRQYH\LQIRUPDWLRQ$VDFDVHVWXG\WKLVW\SHRIYLVXDOL]DWLRQZDVHYDOXDWHGXVLQJD
VRFLDOQHWZRUNH[DPSOH7KHPDLQJRDORIWKHSDSHUZDVWRLPSURYHWKHUHDGDELOLW\RI(XOHUGLDJUDPVDQGHYDOXDWH
WKHSHUIRUPDQFHRIWKHGHVLJQHGYLVXDOL]DWLRQV7KXVRWKHUUHVHDUFKHUVWULHGWRLGHQWLI\SURSHUWLHVWKDWPD\FRUUHODWH
ZLWK HIIHFWLYH OD\RXWV RI (XOHU GLDJUDPV FRPELQHG ZLWK JUDSKV >@ ,Q >@ WKH DXWKRUV SURSRVHG XVLQJ D
YLVXDOL]DWLRQ WHFKQLTXH WKDW GLVSOD\V WKH WUHH VWUXFWXUH DV D WUHHPDSDQG WKH FRQQHFWLRQ EHWZHHQ LWV UHFWDQJOHVE\
FXUYHGOLQNVRYHUODLGRQWKHWUHHPDS+RZHYHUWKHVHOLQNVVKRZHGFRQQHFWLRQRQO\EHWZHHQWKHUHFWDQJOHVEXWQRW
WKHHOHPHQWVRIWKHUHFWDQJOHV2QFRQWUDU\ZHSURSRVHGXVLQJYLVXDOL]DWLRQZKHUHDWUHHPDSLVRYHUODLGE\DJUDSK
DQG WKH HOHPHQWV RI WKH JUDSK EHORQJ WR D SDUWLFXODU UHFWDQJOH RI WKH WUHHPDS  +RZHYHU WKH GHVLJQ RI VXFK
YLVXDOL]DWLRQZDVQRWFRQFHUQHG WKRURXJKO\DVZHOODVRQO\XVHUV¶SUHIHUHQFHZDV HYDOXDWHG >@$JXLGHOLQH IRU
FUHDWLQJUHFWDQJXODU WUHHPDSZDVSURSRVHG LQ>@2QHRI WKH LPSRUWDQWVXJJHVWLRQVE\ WKHDXWKRUVZDV WRDYRLG
H[WUHPHDVSHFWUDWLRVZKLFKZHXVHGLQGHVLJQLQJRXUWUHHPDSEDVHGYLVXDOL]DWLRQVLQWKLVSDSHU
,QWKLVSDSHUDQRYHOYLVXDOL]DWLRQIRUVRFLDOQHWZRUNVDWUHHPDSRYHUODLGZLWKDJUDSKLVGHVLJQHGDQGWKHQWKH
SHUIRUPDQFH RI WKH GHVLJQHG YLVXDOL]DWLRQ LV HYDOXDWHG ,Q RXU GHVLJQ ZH YDU\ WKH QXPEHU RI UHFWDQJOHV LQ WKH
WUHHPDSDVZHOODV WKHQXPEHURIQRGHVDQGHGJHVLQWKHJUDSKRYHUODLGZLWKWKHWUHHPDSLQRUGHUWRFRPSDUHWKH
SHUIRUPDQFHRIGLIIHUHQW WUHHPDSVRYHUODLGZLWKJUDSKV7KHSHUIRUPDQFHRI WKHVH WUHHPDSEDVHGYLVXDOL]DWLRQV LV
HYDOXDWHG LQDQHPSLULFDOH[SHULPHQW)RU WKLVSXUSRVHZHFRPSDUH WKHGHVLJQHGYLVXDOL]DWLRQV WR(XOHUGLDJUDP
EDVHG YLVXDOL]DWLRQV ZKLFK VKRZHG XVHIXOQHVV DQG HIIHFWLYHQHVV LQ VRFLDO QHWZRUN YLVXDOL]DWLRQ > @ 7KH
FRPSDULVRQLVGRQHIRUDGLIIHUHQWQXPEHURIFXUYHVQRGHVDQGHGJHVLQWKH(XOHUEDVHGYLVXDOL]DWLRQV
7KH DGGUHVVHG SUREOHP LQ WKLV SDSHU LV WR HYDOXDWH WKH SHUIRUPDQFH RI WKH QRYHO WUHHPDSEDVHG YLVXDOL]DWLRQ
(LJKWHHQWUHHPDSEDVHGDQG(XOHUGLDJUDPEDVHGYLVXDOL]DWLRQVZHUHGHVLJQHGDQGWKHQFRPSDUHGE\WZHQW\ WKUHH
SDUWLFLSDQWVLQDQHPSLULFDOHYDOXDWLRQ$WWKHHQGRIWKLVSDSHUWKHUHVXOWVIRUWKHHYDOXDWLRQRI D7ZLWWHUQHWZRUN
YLVXDOL]DWLRQDUHGHPRQVWUDWHGDQGGLVFXVVHG
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6RFLDO1HWZRUN9LVXDOL]DWLRQ
3ULRU WR YLVXDOL]LQJ D VRFLDO QHWZRUN WKH PRVW FRPPRQ SUREOHPV SHRSOH HQFRXQWHU ZKHQ H[SORULQJ D VRFLDO
QHWZRUNZHUHDQDO\]HG)RUWKLVSXUSRVHWKHOLWHUDWXUHRQYLVXDOL]DWLRQRIVRFLDOQHWZRUNVZDVVWXGLHG>
@ $V D UHVXOW WZR JRDOV RI VRFLDO QHWZRUN YLVXDOL]DWLRQV ZHUH IRUPXODWHG ,Q RXU SDSHU ZH DVVXPHG WKDW D
YLVXDOL]DWLRQRIVRFLDOQHWZRUNVHUYHVWKHIROORZLQJJRDOV>@
 ,GHQWLI\LQJWKHDFWRUVRIDQHWZRUNDXVHUQHHGVWRXQGHUVWDQGZKRWKHDFWRUVRIWKHQHWZRUNDUH,QRUGHU
WRLGHQWLI\WKHDFWRUVRIWKHQHWZRUNWKHDFWRUVPXVWEHHDVLO\GLVWLQJXLVKDEOHDQGFRXQWDEOH8VXDOO\DQ
DFWRULVUHSUHVHQWHGDVDQRGHDFLUFOHRUDUHFWDQJOHLQYLVXDOL]DWLRQEXWWKHUHDUHPDQ\RWKHUZD\VWRPDS
DFWRUVWRJUDSKLFDOSULPLWLYHVRIYLVXDOL]DWLRQ
 8QGHUVWDQGLQJUHODWLRQVKLSVLQDQHWZRUNDXVHUFDQEHGLUHFWHGWRZDUGDQDQVZHUUHJDUGLQJWKHZD\LQ
ZKLFKKHRUDSHUVRQRIKLVLQWHUHVWLVFRQQHFWHGWRSHRSOHLQWKHQHWZRUNE\SURYLGLQJWKHXVHUZLWK
YLVXDOL]DWLRQVZKHUHUHODWLRQVKLSVEHWZHHQSHRSOHLQWKHQHWZRUNDUHUHSUHVHQWHGH[SOLFLWO\)RUH[DPSOH
DQHGJHRUDQLQWHUVHFWLRQFDQEHDYLVXDOUHSUHVHQWDWLRQRIVXFKUHODWLRQVKLS
,QWKLVSDSHUWKHSHUIRUPDQFHRIYLVXDOL]DWLRQVIRUDVRFLDOQHWZRUNZDVFRQVLGHUHGUHJDUGLQJWRWKHWZR
DIRUHPHQWLRQHGJRDOV
7UHHPDSVDQG(XOHUGLDJUDPIRUYLVXDOL]DWLRQRIVRFLDOQHWZRUNV
,QWKLVZRUNDWUHHPDSRYHUODLGE\DJUDSK70*ZDVGHVLJQHGIRUYLVXDOL]DWLRQRIVRFLDOQHWZRUNVDQGWKHQLW
ZDVFRPSDUHGWRDQ(XOHUGLDJUDPRYHUODLGE\DJUDSK('*$VDFDVHVWXG\IRUYLVXDOL]DWLRQRIVRFLDOQHWZRUNV
D 7ZLWWHU QHWZRUN ZDV FKRVHQ $Q (XOHU GLDJUDP DQG D WUHHPDS ZHUH DXJPHQWHG E\ JUDSKV IRU FRQYH\LQJ
LQIRUPDWLRQRQSHRSOHLQWHUHVWVLQWKHLUQHWZRUN7KHGHVLJQDQGVHPDQWLFVRIWKHGLDJUDPVDUHGLVFXVVHGEHORZ
(XOHUGLDJUDPVUHSUHVHQWUHODWLRQVKLSEHWZHHQFXUYHV$QRYHUODSRIWKHFXUYHVUHSUHVHQWVDUHODWLRQVKLSEHWZHHQ
WKHFXUYHVZKLOHQRRYHUODSUHSUHVHQWVDEVHQFHRIDUHODWLRQVKLSEHWZHHQWKHFXUYHV$QH[DPSOHRI(XOHUGLDJUDP
LQ D VRFLDO QHWZRUN VHWWLQJ LV VKRZQ LQ )LJXUH D ,Q WKLV FDVH HDFK FXUYH UHSUHVHQWV DQ DFWRU DQG WKH RYHUODSV
EHWZHHQWKHFXUYHVUHSUHVHQWIULHQGVKLSUHODWLRQVKLSV
7UHHPDSVYLVXDOL]HKLHUDUFKLFDOWUHHVWUXFWXUHGGDWDDVDVHWRIQHVWHGUHFWDQJOHVVHH)LJXUHE(DFKUHFWDQJOH
RQDWUHHPDSFRUUHVSRQGVWRDEUDQFKRIDWUHH$OVRHDFKUHFWDQJOHWLOHGZLWKVPDOOHUUHFWDQJOHVUHSUHVHQWLQJVXE
EUDQFKHVRI WKH WUHH ,Q WKLVZRUN DFRPPRQERXQGDU\EHWZHHQ UHFWDQJOHV LQD WUHHPDS UHSUHVHQWVD UHODWLRQVKLS
EHWZHHQWKHUHFWDQJOHVDQDORJRXVO\WRDQRYHUODSRIWKHFXUYHVLQ(XOHUGLDJUDPV,QWKHFDVHRID7ZLWWHUQHWZRUN
HDFKUHFWDQJOHUHSUHVHQWVDQDFWRUDQGWKHH[LVWHQFHRIDFRPPRQERXQGDU\EHWZHHQWZRUHFWDQJOHVFRUUHVSRQGVWR
DIULHQGVKLSUHODWLRQVKLSEHWZHHQWKHVHWZRDFWRUVUHSUHVHQWHGDVUHFWDQJOHV
1H[W VWHS LQ WKH GHVLJQ RI WKH SURSRVHG YLVXDOL]DWLRQ D WUHHPDS ZDV RYHUODLG ZLWK QRGHV DV D UHVXOW WKH
YLVXDOL]DWLRQZDVH[WHQGHGWRFRPPXQLFDWHPRUHLQIRUPDWLRQ,QFDVHRID7ZLWWHUQHWZRUNWKHQRGHVLQDIRUPRI
WH[W FRUUHVSRQG WR LQWHUHVWV RI WKH DFWRUV UHSUHVHQWHG DV UHFWDQJOHV LQ WKHYLVXDOL]DWLRQV)RU H[DPSOH WZRDFWRUV
-RKQDQG/XNHDUHIULHQGVVLQFHWKHUHFWDQJOHVUHSUHVHQWLQJWKHPKDYHDFRPPRQHGJHVHH)LJXUHE$OVRLWFDQ
EHLQKHULWHGIURPWKHGLDJUDPWKDW-RKQOLNHVPRYLHVDQGFULFNHWZKHWKHU/XNHLVIRQGRIVRFLDOQHWZRUNVFKRFRODWH
)RUPXODDQGFULFNHW7KHLQWHUHVWVZULWWHQLQWKHUHFWDQJOHVVKRZFRPPRQLQWHUHVWVIRUERWK-RKQDQG/XNHZKLFK
LVFULFNHW$QDORJLFDOO\WRWKHWUHHPDSZLWKQRGHVLQ)LJXUHEDQ(XOHUGLDJUDPZLWKQRGHVFDQEHXVHGWRFRQYH\
SHRSOH
VLQWHUHVW)LJXUHD
)LQDOO\ WKH WUHHPDS ZDV RYHUODLG E\ D JUDSK 70* IRU YLVXDOL]DWLRQ RI VHWV UHFWDQJOHV HOHPHQWV QRGHV
UHODWLRQVKLS EHWZHHQ HOHPHQWV HGJHV DQG UHODWLRQVKLS EHWZHHQ VHWV FRPPRQ ERXQGDULHV $Q DQDORJRXV (XOHU
GLDJUDPRYHUODLGE\DJUDSK('*LVVKRZQLQ)LJXUHDZKHUHWKHFXUYHVUHSUHVHQWDFWRUVDQGWKHLUUHODWLRQVKLSV
DQGWKHQRGHVLQVLGHWKHFXUYHVUHSUHVHQWSHUVRQDOLWLHVIROORZHGE\WKHDFWRUV7KHSHUVRQDOLWLHVDUHLQWHUFRQQHFWHG
E\OLQNV)RUH[DPSOH-RKQLVDIULHQGRI/XNHZKRIROORZV/DG\*DJD)XUWKHUPRUHIURPWKHDXJPHQWHGGLDJUDP
LWLVSRVVLEOHWRFRQFOXGHWKDW/DG\*DJDLVDIULHQGRI0HVVLDQG0HVVLLVIROORZHGE\ERWK-RKQDQG/XNH±WKLV
FDQEHDFFRPSOLVKHGE\IROORZLQJWKHHGJHVEHWZHHQWKHSHUVRQDOLWLHV%RWKYLVXDOL]DWLRQVLQ)LJXUHFRPPXQLFDWH
WKH VDPH LQIRUPDWLRQ DERXW DFWRUV FHOHEULWLHV WKH\ IROORZ DQG FRQQHFWLRQV EHWZHHQ WKH FHOHEULWLHV +RZHYHU
FRPPRQSHUVRQDOLWLHVIRU('*DUHUHSUHVHQWHGLQLQWHUVHFWLRQRIWKHFXUYHVZKHUHDVWKHFRPPRQSHUVRQDOLWLHVIRU

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
)LJXUH(XOHUGLDJUDPDDQG7UHHPDSE

)LJXUH(XOHUGLDJUDPDDQG7UHHPDSEZLWKQRGHV





)LJXUH('*DDQGWKHGHVLJQHG70*E
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70* DUH GXSOLFDWHG7KLV IDFW JDYH XV D K\SRWKHVLV WKDW ORRNLQJ IRU FRPPRQ SHUVRQDOLWLHV LQ 70*ZRXOG WDNH
ORQJHUWLPHVLQFHLWUHTXLUHVVHDUFKLQJIRUWKHGXSOLFDWLRQV
,QRUGHUWRHYDOXDWHWKHSHUIRUPDQFHRIWKHSURSRVHGWUHHPDSEDVHGGLDJUDP70*DVZHOODVWRFRPSDUHLWV
SHUIRUPDQFHZLWK(XOHUGLDJUDPEDVHGYLVXDOL]DWLRQ('*DWKUHHOHYHOHYDOXDWLRQZLWKWZHQW\WKUHHSDUWLFLSDQWV
ZDVFRQGXFWHG7KHGHVLJQDQGSURFHVVRIWKHHYDOXDWLRQLVLQWKHQH[WVHFWLRQ
(YDOXDWLRQ
7KHJRDORIWKHGHVLJQHGHYDOXDWLRQZDV
 7RHYDOXDWHDQGFRPSDUHWKHWDVNSHUIRUPDQFHRIWKHSURSRVHG70*ZLWKWKHWDVNSHUIRUPDQFHRI('*
DQG
 7RHYDOXDWHWKHLPSDFWRIWKHQXPEHURIFXUYHVUHFWDQJOHVSUHVHQFHRIQRGHVHGJHVLQ70*DQG('*
YLVXDOL]DWLRQRQWKHLUSHUIRUPDQFH

7RIRUPXODWHDQGXQGHUVWDQGOLPLWDWLRQVRI70*LQYLVXDOL]LQJVRFLDOQHWZRUNVDQHPSLULFDOVWXG\ZDVGHVLJQHG
%RWK WUHHPDS DQG (XOHU GLDJUDP YLVXDOL]DWLRQV UHSUHVHQW WKH VDPH LQIRUPDWLRQ 7KH VWXG\ LV D FRQWUROOHG RQH
FRQGXFWHGZLWKLQDJURXSWRHYDOXDWHWKHSHUIRUPDQFHRI7UHHPDSZLWKJUDSKDQG(XOHUGLDJUDPVZLWKJUDSKWKHQ
WZHQW\ WKUHH SDUWLFLSDQWVZHUH UDQGRPO\ VHOHFWHG IURP WKH VWXGHQWV RI WKH8QLYHUVLW\ RI%ULJKWRQ DW &RPSXWLQJ
(QJLQHHULQJDQG0DWKHPDWLFVGHSDUWPHQW$OOWKHSDUWLFLSDQWVZHUHFRPSXWHUOLWHUDWHV(LJKWHHQRIWKHSDUWLFLSDQWV
ZHUHPDOH ILYHIHPDOHDQGWKHLUDJHYDULHGIURPWR\HDUVZLWK\HDUVDVWKHPHDQYDOXHIRUWKHLUDJH
0RVWRIWKHSDUWLFLSDQWVKDYHQRWVHHQVXFKGLDJUDPVLQWKHILHOGRIVRFLDOQHWZRUNDQDO\VLVWKRXJKWKH\KDYHKHDUG
DERXW(XOHUGLDJUDPVDQG9HQQGLDJUDPVEXWQRW7UHHPDSV
(DFKSDUWLFLSDQWZDVWDNHQWRWKHXVDELOLW\ODEDQGZDVWUDLQHGZLWKVDPSOHGLDJUDPVERWK(XOHUDQG7UHHPDS
W\SHVPXOWLSOHFKRLFHTXHVWLRQW\SHVRSWLRQVDQGWKHVRIWZDUH,QWKH8QLYHUVLW\RI%ULJKWRQZHKDYHDGHGLFDWHG
XVDELOLW\ODEIRUFRQGXFWLQJVWXGLHV7KHURRPKDGDJRRGYHQWLODWLRQXSJUDGHGFRPSXWHUDQGDFRPIRUWDEOHFKDLU
VRWKDWDOOSDUWLFLSDQWVXVHWKHVDPHFRPSXWHULQWKHODE:HXVHGDVRIWZDUHGHYHORSHGE\$QGUHZ%ODNHFDOOHGDV
5HVHDUFK9HKLFOH

ZKHUHGLDJUDPVDORQJZLWKTXHVWLRQVDQGRSWLRQVFRXOGEH ORDGHG WRFDWFK UHVSRQVH WLPHDQG
HUURUVFRPPLWWHGE\SDUWLFLSDQWVGXULQJWKHVWXG\7KHTXHVWLRQVZHUHUDQGRPL]HGZKLFKKDGDPL[RI(XOHUEDVHG
GLDJUDPVDQG7UHHPDSEDVHGGLDJUDPVWRDYRLGOHDUQLQJHIIHFW7RIXUWKHUUHGXFHWKLVHIIHFWSDUWLFLSDQWVZHUHJLYHQ
DSSURSULDWH WUDLQLQJEHIRUH WKH\VWDUWHGZLWK WKHPDLQVWXG\XVLQJ WKHVRIWZDUH$OVR WRDYRLGGLDJUDPHIIHFWZH
FRQVLGHUHGFHUWDLQOHYHOVRIFRPSOH[LW\VXFKDVFXUYHVQRGHVDQGHGJHVVRWKDWSDUWLFLSDQWVVSHQG
VXIILFLHQWWLPHLQUHDGLQJDQGXQGHUVWDQGLQJWKHGLDJUDPV

'LDJUDP&KDUDFWHULVWLFV
 )RU(XOHUEDVHGGLDJUDPVZHXVHGFLUFOHVRIYDULRXVVL]HVDQGIRU7UHHPDSEDVHGGLDJUDPVZHXVHG
UHFWDQJOHVRIYDULRXVVKDSHV
 &XUYHFRORUVZHUHUDQGRPO\SLFNHGZLWKRXWDQ\SULRULW\RURUGHUVRWKDWHDFKFXUYHZDVGLVWLQFWLQERWK
(XOHUGLDJUDPVDQG7UHHPDSV
 &XUYHODEHOVZHUHSODFHGDVFORVHDVSRVVLEOHWRWKHFXUYHVLQERWK(XOHUGLDJUDPVDQG7UHHPDSV
 1RGHVZHUHGLVWULEXWHGUDQGRPO\DQGHGJHVFRQQHFWLQJWKHPZHUHUDQGRPWRR
 :H HQVXUHG (XOHU GLDJUDP DQG 7UHHPDS FXUYHV UHSUHVHQWHG VHW SURSHUWLHV VXFK DV FRQWDLQPHQW
GLVMRLQWQHVVDQGLQWHUVHFWLRQ

4XHVWLRQ7\SHV
)RUHYDOXDWLRQRIWKHSURSRVHGWUHHPDSEDVHGYLVXDOL]DWLRQZHVHOHFWHGWKUHHWDVNVIRFXVLQJRQVHWVQRGHVDQG
WKHLUUHODWLRQVKLSV)RUHDFKWDVNSDUWLFLSDQWVKDGWRDQVZHUWKHIROORZLQJTXHVWLRQV

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 &RXQWLQJLQWHUVHFWLRQVFRPPRQERXQGDULHV+RZPDQ\FRQQHFWLRQV$GDPKDV"
 ,GHQWLI\LQJQRGHV:KDWDUHWKHFRPPRQLQWHUHVWVEHWZHHQ$GDPDQG/XNH"
 ,GHQWLI\LQJQRGHVE\IROORZLQJHGJHV:KDWDUHWKHFRPPRQSHRSOH$GDPDQG/XNHDUHIROORZLQJ"

)RUWKHILUVWW\SHRITXHVWLRQVDSDUWLFLSDQWKDGWRILQGDFXUYHRUDUHFWDQJOHFRUUHVSRQGLQJWRDQDFWRU7KHQD
SDUWLFLSDQWLGHQWLILHGKRZPDQ\LQWHUVHFWLRQVWKHFXUYHKDGRUKRZPDQ\FRPPRQERXQGDULHVWKHUHFWDQJOHKDG)RU
WKH VHFRQG W\SH RI TXHVWLRQV D SDUWLFLSDQW KDG WR LGHQWLI\ QRGHV LQ LQWHUVHFWLRQV RI FXUYHV RU LQ UHFWDQJOHV
FRUUHVSRQGLQJWRSDUWLFXODUDFWRUV)LQDOO\WKHODVWW\SHRITXHVWLRQVUHTXLUHGDSDUWLFLSDQWWRIROORZHGJHVRIQRGHV
LQFXUYHVRUUHFWDQJOHV
9DU\LQJFXUYHVQRGHVDQGHGJHV
7KHQXPEHURIUHFWDQJOHVDQGFXUYHVIRU WUHHPDSVDQG(XOHUGLDJUDPVFRUUHVSRQGLQJO\YDULHGIURPIRXUWRVL[
DQGWKHQHLJKWFXUYHVDQGUHFWDQJOHVVHH)LJXUHV$OVRWKHFRPSOH[LW\RIWKHYLVXDOL]DWLRQVKDGWKUHHOHYHOV
WKH ILUVW OHYHO LQFOXGHG RQO\ SXUH (XOHU GLDJUDPV DQG WUHHPDSV VHH )LJXUH  WKH VHFRQG OHYHO LQFOXGHG (XOHU
GLDJUDPVDQGWUHHPDSVZLWKQRGHVLQVLGHWKHFXUYHVDQGUHFWDQJOHVVHH)LJXUHDQGWKHWKLUGOHYHOFRPSULVHGWKH
GHVLJQHG70*ZLWK('*IRUFRPSDULVRQVHH)LJXUH
1LQH WUHHPDSGLDJUDPV LQFOXGLQJGLDJUDPVZLWK IRXU VL[ DQG HLJKW UHFWDQJOHVRI WKH WKUHH FRPSOH[LW\ OHYHOV
DORQJZLWKWKHQLQHDQDORJRXV(XOHUGLDJUDPVZHUHUDQGRPO\VKRZQWRWKHSDUWLFLSDQWV,QWRWDOGLDJUDPVZHUH
SUHVHQWHGWRWKHSDUWLFLSDQWV

7DEOH5HVXOWVIRU7UHHPDSDQG(XOHUYLVXDOL]DWLRQV
&RQILJXUDWLRQ
7UHHPDS (XOHU'LDJUDPV
0( 6G( 07 6G7 0( 6G( 07 6G7
)RXUFXUYHV        
6L[FXUYHV        
(LJKWFXUYHV        
)RXUFXUYHVQRGHV        
6L[FXUYHVQRGHV        
(LJKWFXUYHVQRGHV        
)RXUFXUYHVQRGHVHGJHV        
6L[FXUYHVQRGHVHGJHV        
(LJKWFXUYHVQRGHVHGJHV        
$YHUDJHIRUDOOYLVXDOL]DWLRQ        

5HVXOWV
7KH UHVXOWV IRUSDUWLFLSDQWVXVLQJ WKHYDULDWLRQVRI WUHHPDSVDORQJZLWK WKHYDULDWLRQVRI(XOHUGLDJUDP
YLVXDOL]DWLRQVDUHVKRZQLQ7DEOHZKHUH0(LVWKHPHDQYDOXHIRUWKHHUURUDQG6G(LVDVWDQGDUGGHYLDWLRQIRU
WKH HUURU )RU DFFXUDF\ SHUIRUPDQFH ZH XVHG WWHVW LQ RUGHU WR GHWHUPLQH ZKHWKHU WKHUH ZDV DQ\ VWDWLVWLFDOO\
VLJQLILFDQW GLIIHUHQFH LQ DFFXUDF\ SHUIRUPDQFH EHWZHHQ XVLQJ WUHHPDSEDVHG YLVXDOL]DWLRQV DQG (XOHUEDVHG
YLVXDOL]DWLRQV$VDUHVXOW WWHVWGLGQRWUHYHDODQ\VLJQLILFDQWGLIIHUHQFHEHWZHHQWUHHPDSVDQG(XOHUGLDJUDPVDW
DQ\RIWKHWKUHHOHYHOV
7KHDFFXUDF\ IRU(XOHUGLDJUDPVZDV VOLJKWO\KLJKHU WKDQ WKHDFFXUDF\RI WUHHPDSV1HYHUWKHOHVVRXWRI
SDUWLFLSDQWVPDGHPRUHPLVWDNHV XVLQJ('*V  RXW RI  SDUWLFLSDQWVPDGHPRUHPLVWDNHV XVLQJ70*V DQG 
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SDUWLFLSDQWVPDGHWKHVDPHRUQRPLVWDNHVXVLQJWKHYLVXDOL]DWLRQV7KXVWKHSDUWLFLSDQWVSHUIRUPHGZLWKWKHVDPH
DFFXUDF\XVLQJ70*VRU('*VLQWHUPVRIWKHQXPEHURIPLVWDNHVSHUYLVXDOL]DWLRQW\SH
7KHUHVXOWVIRUWKHUHVSRQVHWLPHDUHVKRZQLQ7DEOHZKHUH07LVWKHPHDQYDOXHIRUWKHUHVSRQVHWLPHDQG
6G7 LV D VWDQGDUG GHYLDWLRQ7KHUH LV QRPXFK GLIIHUHQFH LQ UHVSRQVH WLPH EHWZHHQ WKH GHVLJQHG YLVXDOL]DWLRQV
7DEOHEXWZHXVHGDQDO\VLVRIYDULDQFH$129$LQRUGHUWRUHYHDODQ\VWDWLVWLFDOO\VLJQLILFDQWGLIIHUHQFHVLQWKH
UHVSRQVH WLPHV XVLQJ WKH GHVLJQHG YLVXDOL]DWLRQV $V ZDV H[SHFWHG $129$ GLG QRW UHYHDO DQ\ VLJQLILFDQW
GLIIHUHQFHEHWZHHQWKHWZRYLVXDOL]DWLRQW\SHV1HYHUWKHOHVVZLWKLQFUHDVHLQWKHFRPSOH[LW\RIWKHYLVXDOL]DWLRQV
LQWHUPVRIWKHQXPEHURIFXUYHVRUUHFWDQJOHVQRGHVDQGHGJHV WKHUHVSRQVHWLPHLQFUHDVHGDVZHOO2QRYHUDOO
WUHHPDSVVKRZHGEHWWHUUHVSRQVHWLPHRIFRPSDUHGWRIRU('*)XUWKHUPRUH RXWRISDUWLFLSDQWV
DQVZHUHGIDVWHUXVLQJWUHHPDSVFRPSDUHGWRRXWRISDUWLFLSDQWVZKRSHUIRUPHGIDVWHUXVLQJ(XOHUGLDJUDPV
'LVFXVVLRQDQG)XWXUH:RUN
7RRXUVXUSULVHDQRYHUODLGWUHHPDSVKRZHGDOPRVWWKHVDPHSHUIRUPDQFHDVDQRYHUODLG(XOHUGLDJUDPVLQWHUPV
RIERWKDFFXUDF\DQGWLPHSHUIRUPDQFH(YHQPRUHSDUWLFLSDQWVVKRZHGSUHIHUHQFHWR(XOHUGLDJUDPVRYHUWUHHPDS
EDVHGYLVXDOL]DWLRQVLQWKLVHYDOXDWLRQGHVSLWHWKHIDFWWKDW WUHHPDSVVKRZHGWKHVDPHDFFXUDF\DQGVOLJKWO\EHWWHU
WLPHSHUIRUPDQFH(YHQWKRXJKWKHGLIIHUHQFHLQWLPHSHUIRUPDQFHLVQRWVLJQLILFDQWLQDEVROXWHYDOXHVWKHQXPEHU
RISDUWLFLSDQWVZKRDQVZHUHGTXHVWLRQVIDVWHUXVLQJWUHHPDSEDVHGYLVXDOL]DWLRQVRXWRISDUWLFLSDQWVLVPRUH
WKDQODUJHUWKDQWKHQXPEHURISDUWLFLSDQWVZKRDQVZHUHGIDVWHUXVLQJ(XOHUEDVHGYLVXDOL]DWLRQVMXVWRXWRI
SDUWLFLSDQWV7KLVLVDSURPLVLQJUHVXOWIRUIXUWKHUUHVHDUFK LQFRPELQLQJWUHHPDSVZLWKJUDSKV,QDGGLWLRQWKH
GHVLJQHG70*UHTXLUHGVPDOOHUDUHDFRPSDUHGWR('*WKHLQIOXHQFHRIWKLVSDUDPHWHUPXVWEHDGGUHVVHGLQIXUWKHU
VWXGLHV
)RUWKHIXWXUHZRUNLW LVSODQQHGWRHODERUDWHRQWKHGHVLJQRIDWUHHPDSRYHUODLGZLWKDJUDSK+RZHYHU LW LV
UHTXLUHGWRLQFOXGHLQWHUDFWLRQLQWKHYLVXDOL]DWLRQLQRUGHUWRSRSXODUL]HWKHYLVXDOL]DWLRQDVDWRROIRUVRFLDOQHWZRUN
DQDO\VLV1HYHUWKHOHVVIXVLRQRIGLIIHUHQWYLVXDOL]DWLRQVW\OHVEDVHGRQWUHHPDSDQGJUDSKLVWKHPDLQUHVHDUFKJRDO
IRUWKHIXWXUHVLQFHLWFDQVSDUNHIILFLHQF\RIVRFLDOQHWZRUNYLVXDOL]DWLRQ&XUUHQWVRFLDOQHWZRUNYLVXDOL]DWLRQVDUH
PRVWO\ EDVHG RQ VLQJOH JUDSKV VLQFH WKH JUDSKV DUH DEOH WRPDQDJHPLOOLRQV RI QRGHV 7KHPDLQ LVVXH RI IXVLQJ
JUDSKV ZLWK WUHHPDSV DQG (XOHU GLDJUDPV LV LQ VFDODELOLW\ WKXV LW LV QHFHVVDU\ WR DGGUHVV WKLV LVVXH LQ IXUWKHU
UHVHDUFK
7KLVZRUNFDQEHFRQVLGHUHGDVDSHUIRUPDQFHHYDOXDWLRQIRUWKHQRYHOW\SHRIVRFLDOQHWZRUNYLVXDOL]DWLRQEDVHG
RQDFRPELQDWLRQRIDWUHHPDSDQGDJUDSK,QWKHQH[WVWXG\LWLVSODQQHGWRFRQVLGHUGLIIHUHQWOD\RXWVWRSRORJLFDO
SURSHUWLHVDQGDHVWKHWLFSURSHUWLHVIRUHYDOXDWLQJWKHVHYLVXDOL]DWLRQV

$FNQRZOHGJHPHQWV
:HVLQFHUHO\WKDQN$QGUHZ%ODNHRI8QLYHUVLW\RI%ULJKWRQ8.IRUSURYLGLQJXVKLVRZQVRIWZDUH 

5HVHDUFK
9HKLFOH

WRFRQGXFWWKLVHPSLULFDOVWXG\

5HIHUHQFHV
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